We determined the relationship between aerobic fitness and a short and long repeated sprint test (RST) in pre pubertal overweight children (10.5±1.5 yrs). Aerobic fitness was evaluated by the 20m shuttle run. Two RST protocols with identical total running distance were performed to determine anaerobic capacities at random order (12×20 m run departing every 20s and 6×40m run departing every 40s). Performance decrement (PD) and total sprint time (TS) were significantly higher in the 12×20 m compared to the 6×40 m protocol. Significant negative correlations were found between the aerobic fitness and TS (r= -0.767) and the fastest sprint time (r= -0.738) of the 12×20 m protocol. Similarly, significant negative correlations were found between the aerobic fitness and TS (r= -0.803) and the fastest sprint time (r= -0.787) of the 6×40 m protocol. There were no significant correlations between PD in both RST's and aerobic fitness. Performance of high number of short repetitions with very short recovery time is more difficult for overweight children than fewer longer repetitions with longer recovery time. Aerobic fitness plays an important role in intense intermittent activity, but not in PD from intermittent activity in obese children.
INTRODUCTION
Children usually engage in spontaneous short exercise bursts separated by brief rest periods [2] . The ability of children to sustain intensity during repeated sprints was previously examined [24, 25, 33 ] using a wide range of age groups (9-17 yrs.) and different protocols of a repeated sprint test (RST). Compared to adults, small decrease in running performance was found in children [10] . Differences were significantly greater when the recovery intervals were short (15 sec) as opposed to long (180 sec). In addition, prepubertal males (9.6±0.7 yrs.) needed less recovery time to sustain peak power output compared to adolescent males (15.0±0.7 yrs) or young adults (20.4±0.8 yrs.) during repeated cycling sprints [24] . Consistent with that, pre-pubertal children repeated their initial performance faster following highintensity exercise compared to young adults [17, 26] .
Aerobic fitness was found previously as a prerequisite for anaerobic performance during repeated sprints [30] . Despite that, correlation analyses between VO 2 max and performance indices of RST were found inconsistent, and only few studies reported significant correlations between the two tests [e.g., 10, 20] . These relationships are especially relevant to children, due to their characteristic intermittent activity patterns. Testing the relationship between aerobic fitness and RST performance indices is even more challenging in overweight children. This group is particularly important due to the increased prevalence of childhood obesity in Westernized societies [27] , and since both aerobic and anaerobic capacities are reduced in obese children [11, 19, 31] . Physical activity patterns of obese children are also characterized by brief exercise bouts, performed at different intensities and separated by different rest intervals [9, 21] . Thus, assessment of RST indices and their relationship to aerobic fitness in this population is important. Surprisingly, to the best of our knowledge, these relationships were not studied in obese children.
There are different protocols of RSTs; some use short sprint intervals, while others use long sprint intervals. The aim of the present study was to compare between short (i.e., 12×20 m), and long (i.e., 6×40 m) RST protocols, and to determined the relationship between the short and the long RST and aerobic fitness (measured by the 20m shuttle run test) in pre-and early-pubertal overweight children. Since patterns of physical activity among overweight children are usually characterized by short, rather than long, activity intervals, we hypothesized that the performance decrement will be lower in the short compared to the long RST protocol, and that the shorter RST protocol will better correlate with aerobic fitness.
MATERIAL AND METHODS
Fourteen children (males=6, females=8; 10.5±1.5 yrs.) volunteered to participated in the study. All children participated in a weight reduction program in the Child Health and Sport Center at the Pediatric Department of Meir Medical Center. The study was approved by the Institution's ethical committee. All the children were assessed for obesity status and Tanner stage [18] . The testing procedure was explained to the children and to their parents, and a written informed consent was obtained from both.
Procedure
All participants performed three tests, separated by a week from each other, in random order. The three tests were an aerobic power test, a short interval RST and a long interval RST. Before each test, the children participated in a special habituation session.
Performance tests Aerobic Power Test -Twenty-Meter Shuttle Run Test
The 20-meter shuttle run test is a field test that has been shown to be a reliable and valid indicator [28] of aerobic power in various populations [22] . The main reason for the use of this test in the present study to evaluate aerobic fitness was its back and forward run which characterizes children's voluntary activity patterns. It also eliminates the need to use laboratory equipment such as a motor driven treadmill and a face mask, which are unfamiliar and uncomfortable to children and especially to obese children. The test consists of shuttle running at increasing speeds between two markers placed 20 m apart. A portable compact disc (Sony CFD-V7) dictated the pace of the test by emitting tones at appropriate intervals. The children were required to be at one end of the 20 m course at the signal. A starting speed of 8.5 km/hour was maintained for one minute, and thereafter the speed was increased every minute by 0.5 km/hour. The test was terminated when the child withdrew voluntarily from the exercise, or failed to arrive within 3 meters of the end line on two consecutive tones. The aerobic fitness of each participant was calculated as the total distance achieved during the test.
Repeated sprint tests
Two protocols of the RST were performed by the participants. Each protocol included a series of maximal runs with short rest periods between runs. The two protocols consisted of the following:
1. A short interval RST -Twelve X 20m runs starting every 20s. 2. A long interval RST -Six X 40m runs starting every 40s. A 20m and a 40 m all-out sprint were performed following the warm-up of the 12×20 m and the 6×40 m protocols, respectively, by each participant. The time for each sprint was used as the criterion score for the subsequent RST. In the first sprint of each RST, participants were required to achieve at least 95% of their criterion score. If 95% of the criterion score was not achieved, the participant was required to start the RST again. None of the participants was required to restart the RST due to a slow initial sprint.
A photoelectric cell timing system (Alge-Timing Electronic, Vienna, Austria) linked to a digital chronoscope was used to record each sprint and rest interval time with an accuracy of 0.001s. During the recovery period between sprints, participants tapered down from the sprint they had just completed and slowly walked back to the next starting point. Two sets of timing gates were used, working in opposite directions, to allow participants to start the next run from the end-point of the preceding sprint, thus eliminating the need to hurry back to the same starting point. A standing start, with the front foot placed 30 cm behind the timing lights, was used for all sprints. Timing was initiated when the participants broke the light beam. An experimenter was placed at each end of the track to give strong verbal encouragement to each participant at each sprint. Participants were instructed prior to the test to produce maximal effort for each sprint and to avoid pacing themselves.
The three measures of each RST (12×20 m and 6×40 m) were the fastest 20 m or 40 m sprint time (FS), the total sprint time (TS) of the 12 or 6 sprints, and the performance decrement (PD) during each test. TS was calculated as the sum of all sprints times of each test. PD was used as an indication of fatigue and was calculated by dividing the sum of the sprinting times for each of the 6 or 12 sprints by the best possible total score multiplied by 100 [13] . The best possible total score was calculated as the fastest 40m or 20m sprint time multiplied by 6 or 12, respectively. The test-retest reliability of the RST is 0.942 for total running time, and 0.75 for performance decrement [13] .
Heart rate was measured using a Polar heart rate monitor (Polar Accurex Plus, Polar Electro, Woodbury, NY) immediately after completion of each run in both RSTs. Rate of perceived exertion (RPE) was determined using the modified Borg scale [8] at the end of each RST.
Statistical analyses
Paired t-test was used for comparing differences (in fastest and total sprint time, performance decrement, heart rate, RPE, etc.) between the two different RST protocols. Pearson correlations were computed between the calculated distance during the shuttle run aerobic test and performance indices of the two different RSTs. Data are presented as mean ±SD. Significance level was set at p<0.05.
RESULTS
Anthropometric characteristics of the study participants and the results of the 20 m shuttle run aerobic test are provided in Table 1 . Performance indices of the two different RST protocols are given in Table 2 . The performance decrement, total sprint time, total rest time, and total practice time were significantly higher in the 12×20 m protocol than in the 6×40 m protocol. The fastest sprint time was significantly lower in the 12×20 m protocol than in the 6×40 m protocol. RPE scores were significantly higher in the 12×20 m protocol than in the 6×40 m protocol.
The correlations between the 20 m shuttle run aerobic test and performance indices of the two RSTs are summarized in Table 3 and Figure 1 . 
DISCUSSION
The present study examined the relationship between performance indices of short (i.e., 12×20 m) and long (i.e., 6×40 m) interval RSTs, and aerobic fitness (measured by the 20 m shuttle run test) in pre-and early-pubertal overweight children. Despite the identical total running distance of the two RSTs, the TS, PD and total practice time were significantly higher in the short compared to the long RST. The RPE score was significantly higher in the short compared to the long RST. In addition, the maximal heart rate was higher (although not significantly) in the short compared to the long RST. These results indicate that performance of higher number of short repetitions with short recovery time was more difficult for overweight children than fewer but longer repetitions with relatively long recovery time. It seems that the physiological load of intermittent activity in overweight children depends on the specific variables, even if the total work of two different intermittent sessions is identical. These variables refer primarily to the number and duration of repetitions, and to the duration of the recovery periods. Although we are unaware of studies that examined RST performance in overweight or obese children, several studies compared RST performances of normal weight children to adults [e.g., 17, 24, 25, 26] . Ratel et al. [24] found that prepubescent boys (9.6±0.7 yrs.) sustained their peak power output during ten 10 sec sprint exercises separated by 30 sec recovery intervals, while pubertal boys (15.0±0.7 yrs.) and young adult males (20.4±0.8 yrs) needed 5 min recovery intervals. In another study, Ratel et al. [25] found that running performance decreased less in boys (11.7±0.5 yrs) compared to men (22.1±2.9 yrs.) during ten repeated 10 sec treadmill sprints separated by 15 sec recovery intervals. Three-minute recovery periods were sufficient for the boys to repeat short running sprints without substantial fatigue and a consequent performance decrement. In contrast, although the young men were able to modify their running style to maintain running velocity during the test, power and force output decreased significantly. Taylor et al. [29] suggested that the faster recovery in boys was due to their lower glycolitic activity and higher muscle oxidative capacity, allowing a faster re-synthesis of energy stores.
In the present study we tested a group of pre and early pubertal overweight children during two forms of RST. It was found that the PD was significantly higher in the short RST protocol (6.6% compared to 3.6% in the short versus the long RST protocol, p<0.05, Table 2 ). The decrement in running speed during the RST could be the result of a reduction in energy supply and/or acidosis of the muscle cell. The stores of phosphocreatine (PCr), which are essential to the reconstitution of short-term power output [7] , could have been only partially replenished following each sprint, since a complete phosphagen recovery in children requires more than the 20 (short RST) or 40 sec (long RST) rest period that was used in the present study [7, 15] . However, the higher number of repetitions and the shorter recovery time probably made the short RST protocol more difficult compared to the long RST protocol. Yet the average sprint time in the long RST protocol was about twice that of the average sprint time of the short protocol. It is possible, therefore, that lactic acid accumulation and a feeling of local muscle fatigue would be greater following the long RST. Lactate levels were not measured in the present study; however, it is well known that exercise-induced lactic acid accumulation is markedly lower in pre-pubertal children compared to latepubertal children and adults during repeated sprint exercise, due to their lower glycolytic energy turnover [12, 16] . This may explain the relative fast recovery and the lower PD of the overweight pre-pubertal children during the long RST in the present study. It is possible that if more sprints had been performed in the long RST, then fatigue and a significant decrease in performance would occur. Therefore, it seems that the length of the recovery time is a more significant factor than the length of the sprints during repeated activity in pre-pubertal overweight children. The results emphasize the need for selection of an appropriate RST protocol for performance assessment, one that will match the activity characteristics and patterns of the specific population.
The PD values found in the present study are similar to PD values that were found among adult athletes in other studies [e.g., 4-6%; 10, 13, 32]. This supports the assumption that the recovery process among children is faster than in adults [7, 29] , and that even overweight children are able to maintain exercise intensity relatively well throughout repeated sprints, in spite of their excessive weight and low aerobic capacity. In contrast, PD was higher in overweight children, indicating greater fatigue, compared to that of non-obese children, who were able to maintain their peak power with no significant reduction during RST [24, 25] . In addition, it should be emphasized that PD is determined relative to the personal results, which were far worse in the obese children of the present study compared to results in studies of non-obese children or adult athletes [9, 21, 31] .
The present study also examined the relationship between the aerobic capacity (measured by the running distance of the 20 m shuttle run aerobic test) and the performance indices of the short and long RSTs. In contrast to our hypothesis, significant strong negative correlations were found between the aerobic capacity and the TS or the FT of both RSTs (see Table 3 ). Although PCr resynthesis appears to be controlled by the rate of oxidative metabolism within the muscle [29] , previous studies have found only moderate correlations between VO 2 max and performance indices of RSTs [10, 14, 20,] . Glaister et al. [14] found moderate correlations between VO 2 max and power output regardless of recovery duration (10 or 30 sec) during repeated sprints. However, the relationships were stronger when power output data were averaged over all the sprints, supporting previous reports of moderate negative correlations between VO 2 max and total intermittent sprint time [1, 10] . These results are consistent with the present findings of strong negative correlations between aerobic capacity and the TS of both RSTs (r= -0.803 and r= -0.767, for the long and short RST, respectively; p<0.05). Moreover, aerobic capacity was significantly correlated to the FT of the participants in both RSTs as well (r= -0.787 and r= -0.738, for the long and short RST, respectively; p<0.05). These findings are in contrast to previous reports indicating that the aerobic components of a single short sprint (≤10 sec) are very small (<10%) in adults subjects [5, 23] . Therefore, the results of the present study may suggest that oxidative metabolism plays an important role, serving as an energy source even during a single sprint, in overweight children [16] . The magnitude of the correlation between FT and TS of both RSTs with aerobic capacity was unaffected by the differences in sprint length, sprint number, and recovery times between the long and short RST. This suggests that in overweight children other factors play an important role in these relationships (e.g., individual speed or anaerobic capacity). It also emphasizes again the need to find a protocol that will best fit the activities and the relationship between aerobic and anaerobic capacities of overweight children.
No significant correlations were found between the aerobic capacity and the PD of both RSTs in the present study (Table 3 ). This was somewhat unexpected in light of the strong correlations between aerobic capacity and the TS in both RSTs. However, while oxygen availability may influence fatigue during repeated sprints [3, 4] , there is no substantial evidence of such link [1, 6, 10, 32] . Therefore, it is not surprising that correlations between VO 2 max and PD during RSTs have been inconsistent, and while some studies found significant correlations between the two [10] , others failed to do so [32] . It is also possible that the magnitude of this association may be largely determined by the specific RST protocol. It could be hypothesized that the relatively short sprints in both RSTs in the present study resulted in only a partial depletion of the PCr stores. Therefore, the ability to re-synthesize these stores had no effect on the aerobic energy system. In contrast, in RST protocols involving longer (15-90 sec) high intensity sprints with longer recovery periods (1.5-7 min) and possibly greater depletion of PCr, the aerobic system had been shown to display significant correlations with fatigue and with total sprint time [10, 20] . The lack of correlation between aerobic capacity and performance decrement may also be explained by the heterogeneity of running skills and running efficiency among the pre-pubertal overweight children. Reduced running efficiency affects performance mainly during all out sprints, as was the case in both RSTs of the present study.
In summary, the physiological load of intermittent activity in prepubertal overweight children is significantly dependent on its specific variables even if the total work of two different intermittent sessions is identical. Specifically, performance of a high number of short repetitions with very short recovery time seems to be a more difficult task for overweight children than the performance of fewer longer repetitions with a longer recovery time. The significant correlations of TT and FS of both RST protocols with aerobic capacity suggest that oxidative metabolism plays an important role in intense intermittent activity, even during a single all-out sprint in pre-pubertal overweight children. The lack of significant correlation between aerobic capacity and performance decrement during intermittent activity in overweight children suggests that factors other than aerobic fitness may be important for intensity maintenance during intermittent exercise in this population. Since activities of obese children are characterized by repeated short exercise bursts, performance of the traditional fitness tests like maximal oxygen consumption (10-12 min) 
